Introduction and Background
This paper will consider some of the problems met by the author whilst working as an I.T. advisor in a mathematics department within the last decade, where the role included supporting the embedding of I.T. within the mathematics degree programmes.
The requirements of different disciplines and the different cultures of disciplines mean that there are quite different perceptions on these issues (Becher (1989) ). In the case of I.T. and mathematics, we have the interesting situation where both subjects are key skills, and play an interrelated role. For example, one can consider the role of I.T. as an enabler for teaching mathematics, as well as the role of I.T. as an enabler for doing the actual mathematics itself, as well as the role of teaching mathematics as an enabler for developing students' skills in I.T. In practice, these roles can be amalgamated, and this paper will mainly consider the role of I.T. as an enabler for learning the subject, alongside the role of the discipline in the development of I.T. skills themselves.
I.T. skills are identified as core or transferable skills, and this is reflected in the inclusion of I.T. in the United Kingdom (U.K.) Department for Skills and Education (D. f.E.S.) Key Skills framework for post-16 education (see D.f.E.S. (nd)), where I.T. skills are included alongside numeracy and communications.
Within the U.K. Higher Education (H.E.) community, there is now great emphasis on key skills, with the Dearing Report in particular identifying those skills which employers expect, explicitly identifying and expecting the ability to "use information technology" Dearing (1997) .
The impact of quality assessment within the U.K. H.E. community -due to the Quality Assurance Agency (Q.A.A.) measures -also means that departments in H.E. institutions are expected to explicitly identify key skills that are taught within their programmes, where I.T. is again included as a key skill, alongside communication and numeracy (Q.A.A. 2004 ).
There have been numerous national schemes to encourage and support I.T. education within H.E., such as the Computers in Teaching Initiative (C.T.I.) which ran from 1989 to 1999, followed by the Learning and Teaching Support Networks (LTSN (nd)), which include I.T. as part of a broader remit to support the development of learning, and more latterly by the Higher Education Academy subject centres (see HEA (nd)). However, being aware of, and making use of these National facilities prove difficult, and so many institutions have adopted local initiatives to try to facilitate the take up and use of I.T. by their staff (Chapple and Tolley (2000) ) When considering the teaching of key skills, the first issue to arise is how best to teach them? Options here are to either "embed key skills" within the main discipline that a student is studying, or conversely to teach the material entirely separately -perhaps a (set of) modules taught by specialist staff, providing these key skills. The Key Skills support material (see Key Skills (nd)) for the specific key skills framework includes support material for the former approach, whilst emphasising the benefits of linking content of the material used for skills development with the subject a student is studying.
Facilitating I.T. in mathematics teaching
Given the national context of the mid 90's, Hull University attempted to encourage the take up of technology in teaching by placing support staff within academic departments. These staff were known as "educational technology advisors", and would be subject specialists for the specific disciplines, as well as I.T. literate. The intention was that, being based within an academic department, the specialist needs of the disciplines could be catered for whilst these staff would also liase with the relevant national support agencies (C.T.I. and then LTSN centres). Many of these posts were part time -which was the case with my own position -since the institution was unsure of the long term requirements and appropriateness of such roles. The initial work was aimed at software support, in the mathematics department in particular the support of mathematics packages, although much of the time was spent on more general software and hardware help and problem solving.
The rest of this paper will highlight some of my experiences whilst working as an educational technology advisor in a mathematics department, pertinent to the issue of how to support and develop I.T. education within a discipline.
The department in question was fairly typical of a pre-1992 mathematics department at this time:
• With little use of computers in teaching within the department, other than a module on "computing". This module was essentially an introduction to using the computer operating system, and simple programming;
• Students were required to have A-level Mathematics for entry to the degree programmes;
• No prior knowledge of I.T. was required nor assumed. In the mid-90s this was still variable, with significant numbers of students having no I.T. experience. The number of students lacking any I.T. skills has declined as one would expect, but still cannot be assumed;
• Where students met I.T., the emphasis was on programming -in this case, as with many mathematics departments, they learnt to program in FORTRAN, then later in Pascal. Eventually, the programming elements evolved into using MathCAD (MathCAD (nd)) -where programming was restricted to a button based interface;
• The emphasis within the course where computers were used was as a tool useful in solving mathematical problems; Students met I.T. in two other parts of their course:
• In a module on Fractals -with an option to do a computer based project;
• In some modules on Statistics -a number of statistics courses made use of various statistics packages, such as SPSS and Minitab.
Whilst the department was interested in using I.T. in teaching, staff generally had little time, incentive or knowledge with which to start developing or integrating I.T. within their teaching. Further, there was little planning in terms of what specific I.T. skills students should possess. So the initial focus of the project was to look at software packages that would help with "service teaching" -that is the teaching of mathematics to students following degrees offered by other academic departments.
The intention was that such software could be used to supplement and even replace traditional teaching methods, as well as providing students with useful I.T. skills and generating more motivation for their mathematics studies. Explicit I.T. teaching in this matter would be minimal, but the belief was that as students used the software they would develop I.T. skills naturally.
A number of projects were underway nation-wide producing such packages, but at that point there were few complete "solutions". We initially looked at a package called CALM (Computer Aided Learning of Mathematics, see CALM (2001)), which offered a computer based learning environment, with theory supported by multi-media animations, and some formative and summative assessment in the form of multiple choice questions.
Alongside the piloting of CALM, the department also looked at embedding the use of a different package to support a traditional module on set theory and algebra. This was designed using ISETL (Interactive Set Language related to SETL).
Something identified by staff within the department as a less important issue was the role of I.T. in actually presenting the content to students. Overhead panels and video projectors were seen as useful for some specific material -in the case of mathematics this was usually animations of calculations -but as offering little benefit over traditional blackboard presentation. Furthermore, many members of staff were unconvinced of the advantages over more traditional methods of presenting the material.
3. Experiences of the pilot projects.
3.1 The CALM pilot project CALM was a Computer Aided Learning (CAL) package, designed to provide a range of theory and practice for students on a variety of mathematics topics. Using multi-media techniques, CALM offered an environment that seemed to require little support, where students could follow the online material and work through in their own time. Working in a drill-and-practice (Hudson, 1984) mode, it offered opportunities for self-paced learning and a more flexible tutorial environment to support lecture material. Furthermore, CALM provided facilities for monitoring student attendance and progress, with automatic assessment and monitoring. The pilot project was designed to see how the system would work in practice, from both a staff and student perspective.
CALM offered a number of attractions to staff, in particular the manner of work model it promoted, and the subject areas it covered. Perhaps the greatest selling point was that it was an entire system and offered the potential for being relatively easily adopted and used. In terms of working practice, CALM would generate automatic attendance lists, for classes and computer marked assessment based on a number of multiple choice exercises. Most importantly from a pragmatic point of view, it was a fully functioning system with relatively simple installation.
Given the nature of the material, and the underlying anticipation that software such as this may reduce staff numbers required to support teaching, CALM was used with a number of engineering students who were taught engineering mathematics as a service course. The CALM pilot was run over 4 weeks as a number of lab based tutorial sessions, without any formal lecture support. The first use of this was by service course students, who tried the software after their exams. We investigated the "self learning" aspects of CALM, where students were able to ask staff for help with mathematical and technical problems. An end of trial test allowed us to gauge student performance, and this was supplemented with a discussion with the students and questionnaires to gauge an overall reaction.
In terms of the pragmatics, configuring the software for network use was relatively painless, and the interface was simple enough to not require particular training or help for students or staff. The sessions themselves went smoothly, with students working through the online material and cooperating with each other to get the work completed.
Comments from the students in the end of pilot session, were that they liked having a "computer tutor", and in particular liked self-paced learning. Generally, the students appreciated the use of I.T. but felt that at times the interface with the computer was an obstacle with the subject matter itself. Negative comments were focussed on the interface, and reliability problems with the software. The inability to review work and understanding questions meant that students did not see it as a full replacement for a normal tutorial. One problem in particular with this particular software, was the use of multi-choice or simple numeric answer options. This mode meant that many students resorted to a "game playing" or guessing approach to the answers, and so these students did not learn from the experience.
Staff views were perhaps predictable: they liked the automatic assessment, and the self teaching. However, staff commented on the lack of customisation, and again on the reliability problems. The main concern was on how effectively it related to actual lecture material and the syllabus for the module. In the end, it was felt that whilst the software offered many benefits, it was not suitable for the department's use at that time.
The actual principles of what could be done were supported, but not the specific implementation, e.g. the Interface was too limited. Furthermore, the inability to include their own materials put staff off. It would require support in lectures for success, but this was not forthcoming.
Overall, it was difficult to gauge the students' learning benefits -the end of pilot test results were poor, but the timing of the pilot effected the students' perception of the software -they felt it was too late to be useful to them. On the positive side, it appeared to promote group work. Whilst some students certainly "learned" whilst using the software, other students were put off by having to use the computer. CALM was not pursued at Hull beyond this pilot.
ISETL for Mathematics Teaching
ISETL was a computer based environment for problem solving with relatively simple algebraic constructs, such as sets and groups. Compared with CALM, ISETL offered a very different type of electronic environment for students to use, with a programming like syntax and environment. Whilst offering flexibility, this mode meant that students would require more guidance and support to make progress themselves. ISETL offers a simulation (Papert (1980) ) approach to computer based teaching, with students in more control of the system. ISETL, as with CALM, was chosen primarily to teach the subject, but with the implicit development of I.T. skills expected and supported. The attraction to staff in using the package was essentially the benefit of instilling in students a greater understanding of aspects of their own discipline. As an enabler of the learning of complex discipline material -material that was part of a mathematical reasoning course -ISETL was introduced to support traditional lectures, with a number of computer based tutorials where exercises from the course would be attempted. Each tutorial was overseen by a pair of tutors and it was expected that the students would need assistance with the material. Students worked in groups and so group working was another skill that was developed through this approach. Unlike the pilot project approach used with CALM, ISETL was introduced straight into a mainstream module, with support from a variety of staff and postgraduate tutors. Appraisal of the success and impact of ISETL was part of the usual module support mechanisms that went on in the department, with module feedback and staff-student committees the main avenues of critique.
There were a number of problems, some of which arose from the fact that ISETL was run alongside a programming course using Pascal. Here, the similarities with Pascal confused students and staff, since there were significant differences between the interfaces and specific syntax of the two systems. Furthermore, most staff and tutors were not sufficiently familiar with ISETL themselves, and this made it hard when trying to help with students problems. Pragmatic issues revolved around the level of support this approach required, with more tutorial input needed from the tutors and a lot of time was spent on dealing with technical issues of the interface and converting problems into forms that could be used on the computer. This would then be followed with time spent interpreting and understanding the computer output, which was seen as actually impeding the subject content that was intended to be delivered. However, there were many positive aspects of ISETL, for example a number of staff liked the idea of using computers in courses since if it gave the students a different perspective on the mathematics. The use of this particular software for this particular module did seem to encourage students to work together and to ask for help, but overall the view was that this particular package did not suit our students and our course. So again, working with the computer seemed to promote group work. As with CALM, ISETL was stopped after this one year trial (with agreement of most staff and students).
4. Other initiatives.
Computer algebra systems, both as a demonstration tool in lectures, and as a support tool in tutorials, proved a useful resource. There are a large number of these sorts of packages, each with its own pros and cons. The main restriction with these has been financial constraints based on the licensing costs, and suitable hardware. The department trialled a range of packages -including packages such as Derive, Mathematica, Maple and MathCAD. The ability to produce complex pictures, and manipulate these in real time appeared to give students some more understanding of lecture materials. Being mathematics packages, they supported the kind of topics and ideas that staff wanted to make use of, and were able to "raise" the level of the problems that students deal with. Again, the use of these promoted I.T. skills generally.
We introduced Diagnosys into our induction process, as a computer testing package that provides a profile of the mathematic skills of new students. This was more of a success story, and is still used as part of our induction process for students in many science subjects at Hull. The benefit of Diagnosys was that it can be used in isolation without requiring much support, and it provides useful information that can be passed to lecturers on relevant courses so that they have a profile of the entire cohort of students.
Finding time for specific I.T. material within the mathematics provision was more of an issue. Through staff-student and other feedback mechanisms, the students themselves asked for more explicit and generic I.T. skill development. However, there were concerns among staff of diluting the subject content with more key skills. For this reason, combined with staff willingness and student support, we began Saturday morning I.T. sessions, teaching the kind of office applications that are wanted by employers. These sessions were fairly successful, with around 20% of the students attending.
5. Encouraging staff to make use of I.T.
The Response of Staff
Staff response to the initiatives was positive: in general they were interested in being able to use I.T. based material as a place to "send" students with difficulties. Naturally, staff were interested in time saving (particularly regarding marking), but the perception that I.T. could save effort was eroded as people learnt of the limitations and requirements of teaching.
One difficulty when trying to introduce I.T. and Computer Aided Learning materials is what is sometimes perceived as staff reluctance to change. A particular instance of this problem can be the difficulty in integrating computer based materials into the course content, especially where a course is based predominantly on the lecturers own notes. This can be characterised as the "not invented here" syndrome. With I.T. based materials, differences in style and notationparticularly with mathematics materials -were a real problem for many staff and students.
Overcoming such inertia depends on suitable and easy to use technology. The use of computer algebra packages allow notes to be put in an electronic form, where the mathematics was "live", and students could experiment and explore the materials. This chance to experiment can help the students understanding of fundamental ideas, and give a feel as to what the mathematics means.
Where teaching staff could see these advantages, this encouraged them to make use of I.T. in their teaching. Suitable staff development sessions with small groups looking at the implementation of material was successful in encouraging staff to develop longer term plans for embedding technology in their teaching, and even long standing members of staff who were initially technologically naïve did eventually adopt I.T. packages such as MathCAD.
Students themselves also encouraged staff to look at I.T. as a tool, and to make explicit use of it in their teaching. As I.T. has spread in pre-university education, and into homes, many students have met these packages at school, and are arriving at university with them on personal computers, and they expect to use them in their degree.
Beyond the practical issues, there are further fundamental questions that can vary between disciplines, and the use of CAL materials does raise a number of pedagogical issues. In mathematics there has been a discussion for several years about the use of calculators at schools, with many commentators feeling the use of calculators at an early age has caused many of the problems we are now facing at university level.
Some members of teaching staff see the use of computer algebra packages, and some CAL materials, as being equally dangerous. There is then the question of how much students actually benefit from the use of technology -or does it merely detract from their main studies.
There can be a problem where students don't want to use computers, the CALM pilot was run with students already "computer literate", but ISETL was not, and in this case some students objected to being forced to use computers within a mathematics degree.
Staff development issues
As mentioned above, implementing this requires staff training in the use of these packages, and a large amount of support. Staff need to be familiar with and be happy to use the software if they are to help students with it, especially when students are likely to be more familiar with the technology than the staff. Implementing CAL across a number of modules involves a large investment on the part of the lecturing staff.
As part of this process, we ran seminars on the various packages and technologies, which led to a number of discussions about the role of CAL within our teaching. This slowly improved the views among staff of using I.T. in their standard teaching. However, there were still many problems in using I.T. -one problem being in displaying the materials. Whilst the situation is improving, originally few lecture rooms were equipped to provide good facilities for showing computer based materials. Alongside this, the time taken to set up a demonstration can be significant, especially for staff not entirely at ease with the hardware and software. The question of reliability is for many staff a major barrier to using technology -it is common for entire lectures to be lost when networks go down, or video projectors fail. Whilst it seems natural that you need staff support to implement any technology within teaching, the fact that staff need support themselves to use the technology is not always allowed for.
Conclusions
Over the course of several years in supporting and encouraging the take up and provision of I.T. within the teaching of mathematics, there were many successes. Many staff became interested in using I.T. and CAL materials, and were able eventually to include them in their teaching. Our pilot studies have shown some success in various CAL materials. Against this, a number of staff felt alienated by the process of integrating CAL into the curriculum, and could see no benefit in these materials to the teaching of "their discipline".
We were perhaps not as organised in determining both the aims and evaluation of innovations in our teaching, and this is reflected in the difficulties we faced in attempting to review and assess the success or reasons for failure of our projects. Whilst this is an obvious point in many ways, it can still be difficult for staff unfamiliar with such innovations to develop robust frameworks for piloting and evaluating change (Oliver (1998) ), and the national subject centres have much to offer here to staff developing such change. There can be a sense of unease between those delivering and practising teaching, and educational researchers as distinct groups. Evaluating changes in teaching is sometimes not identified as a focus for those "doing teaching", since the assessment they consider is mainly the actual subject specific assessment. Where practitioners are interested in evaluating their teaching, then case studies (e.g. Pritchard, 2004 ) detailing experiences of implementing change, along with how that changes was evaluated, can be very valuable. My own experience since becoming a full time lecturer, and implementing explicit I.T. material within computing based degrees reinforces my view of the importance of sharing these experiences within the more general teaching community.
Evaluating how successful the materials are is still difficult, and using these materials raises a number of problems, for example in assessment, where the culture of coursework and exam based assessments precludes some the use of I.T. without a culture shift. The distinction between I.T. training itself as an explicit skill, and the use of I.T. as a tool for the discipline, is not clear. Perhaps the largest barrier to overcome in gaining widespread use of I.T. is time -time for departments to embed I.T. within their curriculum, and in determining how the use of I.T. alters the type of contact that we have with students. As we make more extensive use of I.T., the provision of equipment for teaching and for students to use becomes more problematical. Whilst the government announces plans to put interactive whiteboards into every school classroom, provision at Universities is lagging. Further, the idea that every student should have their own PC is still a contentious one.
